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In this work the study is performed for the specimens of Fe-B-C alloys with boron content of 0.005-7.0 wt. % and carbon content of
0.4-6.67 wt. %, the rest is iron. According to the findings of microstructure analysis, XRD and differential thermal analyses, the
primary phases and the temperatures of their formation are determined. Depending on boron content (in the range of 1.5-8.80 wt. %)
and carbon content (0.5-6.67 wt. %) in the Fe-B-C alloys, the primary phases in the process of crystallization are y-Fe, boron
cementite Fes(CB) and boride FeoB. The outcomes of the experiment carried out in this work determine the phase composition and
phase transformations occurring in the alloys and the liquidus surface is constructed. The findings show that the liquidus temperature
for Fe-B-C system alloys is low compared to binary Fe-B and Fe-C alloys. At the liquidus surface of the Fe-B-C alloys, there is a
point at boron content of 2.9 wt. % and carbon content of 1.3 wt. % with the lowest temperature of 1375 K and it is the point of
intersection of monovariant eutectics. This fact is in a good agreement with the results of other authors. The microstructure of alloys
located at the curves of monovariant eutectics is represented by the y—Fe+Fe:B and y—Fe+Fe3(CB) eutectics and the primary crystals
of FezB iron boride in the shell of Fe3(BC) boron cementite. In this paper it is shown experimentally the existence of a quasi-binary
section and the coordinates of the peritectic point are fixed: the boron content is 5.0 wt. %, carbon content is 3.0 wt. % and the
temperature is 1515 K. The free energy of the Fe-B-C melt is calculated for the first time by the quasi-chemical method and the
surface of thermodynamic stability of the Fe-B-C melt is plotted, depending on temperature and boron and carbon content in the
alloy. The results obtained in the paper show that in order to obtain a homogeneous Fe-B-C melt, which does not contain any
microheterogeneous structure in the form of short-order microregions, it is necessary to perform the overheating more than to 180 K
for the region where the primary phase is iron, and no less than to 200 K for the regions with boron cementite and boride.

KEY WORDS: Fe-B-C system alloys, Fe2B boride, Fe3(CB) boron cementite, eutectics, thermodynamic stability of a melt.

The Fe-B-C system alloys have good physical properties, such as hardness and wear resistance, corrosion
resistance [1-4].

The processes occurring in the melts of alloys are known to affect the phase composition of the alloys after
crystallization. To predict these processes, the thermodynamic stability of the melt should be determined.

The study of the phase composition of Fe-B-C alloys is paid much attention [4-8]. Investigation of Feg63Bo.16Co.6
(at. %) and Feg76B0.0sCo.15 (at. %) alloys shows that formation of cubic boron carbide Fe,3(BC)s occurs after annealing
at 1073 K. After annealing of these specimens at 1273 K, the formation of Fe3(BC) boron cementite is observed, and by
means of DTA (differential thermal analysis) it is determined that the solid state is formed at 1400 K [5, 9].

The authors of [4] note that when boron content is 1.0-3.0 wt. % in the Fe-B-C alloy after crystallization the
formation of y-iron primary phase occurs at the temperature of 1422 K. This is in agreement with the results of the
authors [6]. With increase in boron content in the alloy up to 3.8 wt. %, the primary phase after crystallization is Fe,B
boride.

The liquidus surface of the Fe-B-C alloys was first obtained by G. Tammann, the ternary eutectic point is
represented at this surface at boron content of 2.9 wt. % and carbon content of 1.5 wt. %, and at the temperature of
1383 K. The authors of [8] points out that the eutectic point occurs at boron content of 2.6 wt. % and carbon content of
1.5 wt. %, at the temperature of 1339 K, and in Ref. [10] it is stated that there is a minimum of boron and carbon
content and the temperature at 1.5 wt. % boron and 2.5 wt. % carbon at 1402 K on the liquidus surface.

Thus, currently the temperature of liquidus surface as a function of boron and carbon content for the Fe-Fe;B-
Fe3(CB) alloys is not unanimous. For the moment there are no data available on the homogeneity and thermodynamic
stability of Fe-B-C melts.

The purpose of this study is to derive of the liquidus temperature dependence on boron and carbon content in the
alloy and to determine the homogeneity limit of the Fe-Fe,B-Fe3(CB) melt.

MATERIALS AND METHODS
The investigation was carried out for the specimens with boron content of 0.005-7.0 wt. % and carbon content of
0.4-6.67 wt. %, the rest was iron. To obtain the Fe-B-C alloys, we used such constituents: carbonyl iron (with iron
content of 99.95 wt. %), amorphous boron (with boron content of 97.5 wt. %), graphite (with carbon content of
99.96 wt. %). The smelting of specimens was performed in a Tammann furnace in the alundum crucibles in argon
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atmosphere. The cooling rate of the alloys was 20 K/min. To determine the chemical composition of alloys, chemical
and spectral analyses were used [11]. To reveal the peculiarities of phase transformations in the Fe-B-C system alloys,
differential thermal analysis (DTA) of 72 specimens was performed by means of derivatograph.

The phase composition of alloys was studied by method of X-ray microanalysis by means of JSM-6490
microscope with ASID-4D scanning head and “Link Systems 860” software energy-dispersive X-ray microanalyser,
and by means of optical microscope “Neophot-21”. The X-ray electron probe analysis was carried out using internal
standards. The X-ray and X-ray diffraction analyses were performed with DRON-3 diffractometer in monochromated
Fe-K, radiation.

RESULTS AND DISCUSSION
Study of the liquidus temperature in the Fe-B-C system alloys and the primary phases in relation to boron and
carbon content, shows that at 3.0 wt. % boron and 0.65 wt. % carbon the formation of y-Fe primary crystals occurs
while crystallization in the temperature range of 1417-1420 K. In the temperature range of 1397-1403 K the y-Fe+Fe,B
eutectics formation occurs, and at 1393-1396 K the y-Fe+Fe;(CB) eutectics appears. The y-Fe«—>a-Fe transformation
takes place at the temperature of 996 K (Fig. 1).
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Fig. 1. The microstructure, X800 (a), DTA curve (b) of the alloy with boron content of 3.0 wt. % and carbon content of 0.65 wt. %

The microhardness for iron is 389.5 GPa, for the y-Fe+Fe;B eutectics — 897.2 GPa, and for the y-Fe+Fe;(CB)
eutectics — 755.4 GPa.
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Fig. 2. The microstructure, X500 (a), DTA curve (b) of the alloy with boron content of 3.43 wt. % and carbon content of 2.25 wt. %

Investigation of the alloys with 0.3-5.5 wt. % boron and 2.1-6.6 wt. % carbon shows that the primary crystals in
the process of crystallization are Fe3;(CB) boron cementite formed within the temperature range of 1427-1431K. At
further cooling the formation of the y-Fe+Fe3(CB) eutectics with lamellar morphology is observes in the temperature
range of 1387-1403 K (Fig. 2). The y-Fe«>a-Fe transformation is detected at the temperature of 973 K.

The results of durometric analysis reveals that the microhardness of boron cementite is 723.1 GPa, and that for the
v-Fe+Fe;(CB) eutectics is 675.8 GPa.
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For the alloys with 2.2-8.8 wt. % boron and 0.5-2.1 wt. % carbon during the crystallization the formation of
primary crystals of Fe,B iron boride occurs. In certain parts of the structure the primary borides are observed
surrounded with the shell consisting of Fe3;(BC) boron cementite and the a-Fe+Fes3(BC) eutectics with morphology
similar to that of the boride eutectics (a-Fe+Fe;B) (Fig. 3a).

The results of differential thermal analysis indicates that the primary crystals of boride are formed from the melt in
the temperature range of 1498-1533 K and surrounded with boron cementite shell appeared during the peritectic
transformation L + Fe,B — Fe,(CB) at 1388-1433 K; the y-Fe+Fe3(CB) eutectics is formed at the constant

temperature of 1399 K, which implies the possibility of the four-phase transformation L+ Fe,B — y —Fe+ Fe,(CB)

and the transformation y-Fe«—a-Fe at 925 K (Fig. 3c). The microhardness for iron boride is 1123.6 GPa, for boron
cementite — 789.1 GPa, and for eutectics — 863.2 GPa.
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Fig. 3. The microstructure (a), diffractogram (b), DTA curve (c) of the alloy with 2.5 wt. % boron and 4.0 wt. % carbon

The findings show that the liquidus temperature for Fe-B-C system alloys is low compared to binary Fe-B and Fe-
C alloys. This is in agreement with the results of other authors [12].

The study of microstructure, XRD and DTA for 72 specimens allows us to construct the liquidus surface for the
alloys of Fe-B-C system (Fig. 4).

One of the important factors affecting the formation of the alloys structure under cooling is determination of the
liquid stability, i.e. the temperature when the homogeneity of the liquid is observed and there are no any
microcrystalline formations.

The Helmholtz free energy is known to be a function of independent variables F = F(V,T,x,), where V is a
volume, 7 is a temperature, x; is a weight content of elements, i=1, 2, 3, 4 (x;=Xre, X2=XB, X3=XC, X4=XV (vacancy)). Provided
that there are no any external force and change in volume (¥ =const, p =const) the total differential of Helmholtz

free energy is written in a form

4
dF =dU —d(TS)+d(pV)==SdT +_p,dx,,

i=l1

oF
where U is the internal energy. Correspondingly, the thermodynamic forces are the entropy S = _(ﬁ , and the

Xi

oF
chemical potential of the constituent in compound [, = (a— .
X,
i)t

To determine the phase stability, let us find the variation of Helmholtz free energy:

=1 .0 0 0 o o |
OF =Y — 6T —+ 8 —+ 8, —+0;,—+8&,— | F. (M
n! oT Ox, ox, Ox, ox,

The general condition of the phase stability by Gibbs is that arbitrary variations of the internal energy and external
parameters of the system should not cause both reversible and irreversible processes in the system (to keep the system
in equilibrium), so they must be such that [13]:

SU =T8S + pSV —pu,6x, — n,0x, — n;0x, — u,0x, > 0. (2)

n=1

So, to determine the thermodynamic stability of the Fe-B-C system melt, we use the approach proposed by the
author of [14].
The determinant of stability for the melt is:
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The case of D=0 was first defined by J. W. Gibbs as a critical state of matter [15]. During the supercritical
transitions the determinant and coefficients of stability pass through finite minima that correspond to the growth of
fluctuations. The locus of these minima is a low-stability curve. It should be noted that for different coefficients of
stability, the curves of lowered stability may not be coinciding. For these reasons the curve of lowered stability for D,
which includes all equilibrium characteristics of the system and therefore best describes its stability, is used as a basis.
The threshold case of supercritical transitions when fluctuations in the system reach the maximum level, the
determinant and coefficients of stability pass zero minima, is the critical state. So, let us find when dD=0.

The Helmholtz free energy we find by the quasi-chemical method as:

F=1(N,Nyv,,+ N,Nyv,, + NNv,; + N,N,v,, + N,N,v,, + N,N,v,, +
+N,Nv,, + NN, ) +11kT (N, + N, + N, + N,)In(N, + N, + N; + N,) —, “)
—N,InN,-N,InN,-N,InN,-N,InN,)

where T is the temperature (K), v, is the interaction energy of components (J/mol).

To calculate the free energy of the melt, we used the values of energies of interactions between the components
from the works [15-20]. The sum is taken over all i and j provided i # j .

From Eq. (4) we obtain the thermodynamic functions of the melt:

S:—(g—;j :—k((x1+x2+x3+x4)ln(xl +x, +txy+x,)—x In(x)—x, In(x,)—x; In(x;) - x, ln(x4))

W, = (G_Fj =22xv,, +11x, v, +11x,v,; +11x,v, +&T (In(x, +x, +x, +x,) —In(x,))
Txyx3x,

ox,
Ja
Ky, = 2_ =11xy, +22x,v,, +11x,v,, kT (In(x, +x, +x; +x,) —In(x,))
x2 T x3x4
W, = S—F =11x,v, +22xv,, +11x,v,, kT (In(x, +x, +x; +x,)—In(x;))
x3 Txy x5y
n, = S—F =11x, v, +11x, v, +11x;, v,, +kT(In(x, +x, +x, +x,)—In(x,))
x4 Tx Xy X3
a}/l] 5”.
. = 22w, +AT (1/(x, +x, +x, +x,)=1/x,), = k(In(x, +x, +x, +x,)~In(x)),
xl Txyxpx3 aT X)Xy X3y
0
a—u' =11v12+kT/(x1+x2+x3+x4),
x2 Txyx3xy
oy, o,
o =11v13+kT/(x1+x2+x3+x4), — =11v,4+kT/(x1+x2+x3+x4)
3 Ty xy X4 4 Txyxyx3
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To determine the stability of the melt, the condition dD =0 should be fulfilled:

dD = (a—D] ar+| L a2 a2 a2 a =0 )
aT XXX X axl Txyx3x, axz T x3x, ax} Tx x5 X, ax4 Tx x, x:
The condition (5) holds when
(a_Dj = 0’ a_D = 0’ a_D = 0, a_D = 0, a_D =0. (6)
or X33 axl Txy X3, axz Tx; X3, ax3 Tx X, ax4 Txy X3

The resulting system of equations (6) is solved numerically using the mathematical package Maple. The solution
of system of equations (6) is shown in Fig. 4.

The experimental results obtained in this study enable to construct the liquidus surface, and calculated data allow
plotting the surface of thermodynamic stability of the melt (Fig. 4). The liquidus surface of the Fe-B-C alloys was first
obtained by G. Tammann; the ternary eutectic point with 2.9 wt. % boron and 1.5 wt. % carbon at 1383 K was mapped
on this surface. The ternary eutectic point is the intersection of the curves of monovariant binary eutectics.

The liquidus surface study presented in [10] indicates that the ternary eutectic point occurs at boron content of
1.5 wt. % and carbon content of 2.5 wt. % and at the temperature of 1402 K.

The results obtained in this work reveal that at the liquidus surface in Fe-B-C alloys there is a minimum at boron
content of 2.9 wt. % and carbon content of 1.3 wt. % at 1375 K. The findings are in good agreement with data given
in [5], where it is pointed out that the solidus temperature is 1400 K. In this paper it is shown experimentally the
existence of a quasi-binary section and the coordinates of the peritectic point are fixed: the boron content is 5.0 wt. %,
carbon content is 3.0 wt. % and the temperature is 1515 K.

The process of the formation of the primary phases has a great effect on the structural state and phase
transformations in the alloy. At the moment there are lack of data on determining and investigating the homogeneity of
the melt of Fe-B-C alloys without any microcomplexes. According to the outcomes, to obtain the homogeneous Fe-B-C
melt (without any microheterogeneous structure in the form of short-range microregions) where the primary crystals are
v-Fe phase, it is necessary to perform the overheating more than to 180-200 K. For the alloys with boron and carbon
content close to the quasi-binary cross-section, to obtain the homogeneous melt it is necessary to perform the
overheating of alloy more than to 220-250 K.
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Fig. 4. The state diagram of the Fe-B-C system (O — Fe3(CB), A — Fe2B, 0 — y-Fe) and the surface of thermodynamic stability
of the melt (mmm — the Fe-B diagram, — the Fe-C diagram,mss — the eutectics curves, ssssss — the surface of
thermodynamic stability of the Fe-B-C melt)

CONCLUSION

In the paper the phase composition and phase transformation occurring in the alloys with boron content of
0.005-7.0 wt. % and carbon content of 0.4-6.67 wt. % (the rest is iron) is studied. It is shown that formation of the
primary phases y-Fe, Fe,B and Fes;(CB) takes place depending on boron and carbon content in the alloys.

The liquidus surface is plotted experimentally for the Fe-B-C system alloys in the concentrarion range of
0-8.85 wt. % boron and 0-6.65 wt. % carbon and it is shown that the ternary eutectic point occurs at the liquidus surface
in the alloys of Fe-B-C systems with boron content of 2.9 wt. % and carbon content of 1.3 wt. % at the temperature of
1375 K.

In this paper, using the quasi-chemical methos, we obtain for the first time the temperature dependence of the
Helmholtz free energy of the Fe-B-C melt. We obtain the dependences of the temperature of thermodynamic stability of
the melt on boron and carbon content in the alloy and plot the surface of concentration anomaly without any
microcomplexes in the melt. According to the outcomes, it is necessary to perform the overheating more than to 180 K
to obtain the homogeneous Fe-B-C melt, which does not contain the microheterogeneous structure in the form of short-
order microregions.

The work was performed within the specific project “Resurs” KC063.18 “Development of chemical composition
and technological decisions for the manufacture of railway wheels for different application and their maintainability” of
the NAS of Ukraine.
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MOBEPXHS JIKBIAYCY TA CIIIHOAAJIb CIIVTABIB CUCTEMM Fe-B-C
H.IO. ®inonenxo®™’, O.M. 'angina®
13 «ninponemposcvka depocasha meduyna axademia MO3 Yipainuy
49044, Yxpaina, m. uinpo, eyn. Bonooumupa Beprnadcvrozo, 9
b Inemumym woproi memanypeii im. 3.1 Hexpacosa HAH YVipainu (IYM HAHY)
49107, Yrpaina, m. /[uinpo, ni. Axk. Cmapooybosa K.@., 1
¢/[ninposcokuil nayionanvnuu ynieepcumem imeni Onecs I'onuapa
49010, Yxpaina, m. [[uinpo, npocn. I aeapina, 72

B nauiit po6oti nocnmipkeHHs 3aiiicHIOBaIM Ha 3pas3kax ciuiaBiB cucremu Fe-B-C 3 BmicTom Gopy 0,005-7,0% (mac.) Ta kapOony
0,4-6,67% (mac.), iHIme — 3aii30. 3a pe3yabTaTaMH MiKPOCTPYKTYPHOTO, PEHTI€HOCTPYKTYPHOTO Ta AU(EPEHIIHHOr0 TepMiiHOTO
aHayi31B BU3HAYEHI MEPBUHHI (a3u Ta TeMIepaTypH ix yTBopeHHs. B 3anexxHocTi Bix BMicTy 6opy (B inTepsaini 1,5-8,80% (mac.)) Ta
xapbomny (0,5-6,67% (mac.)) B crumaBax cuctemu Fe-B-C nmepBunnnMu ¢azamu npu kpucranizanii € y—Fe, 6oporiementur Fes(CB) ta
6opun Fe:B. 3a pesynpraTamMu eKCIEpHMEHTY, IIPOBEACHOTO B JIaHii poOOTi, JOCTiIKEeHO (a30BUil ckiiaa Ta (pa3oBi IEepeTBOPEHHS,
mo BiOyBaIOTHCS B CIUIABax, Ta MOOyA0OBaHa ITOBEPXHS JIKBixycy. JlociipkeHHs, IPOBE/IeH] B JaHiil poOoTi, IOKa3aiu, Mo CIIaBU
cucremu Fe-B-C MaroTe HU3BbKY TeMIlepatypy JiKBiIyCy y nopiBHsHHI 3 6iHapHuME citaBamu Fe-B ta Fe-C. Ha noBepxHi mikBigycy
cmaiB cuctemn Fe-B-C icHye Touka mpu BMmicTi 60opy 2,9% (mac.) Ta kap6ony 1,3% (Mac.), sika Mae HalilMEHIIy TeMIIepaTypy
1375 K Ta € TOUKOIO NEepeTHHY MOHOBApiaHTHUX EBTEKTHK, 1[0 KOPEJIOE 3 pe3ybTaTaMy iHIIHX aBTOPiB. MiKpOCTPYKTypa CILIaBiB,
pO3TalIOBaHMX Ha JIHIIX MOHOBapiaHTHHX EBTEKTHK, TpejcraBieHa: eBrekTukamu y—Fe+Fe:B, y—Fe+Fe;(CB) ta nepBuHHUMHU
kpuctanamu 6opuny 3amiza Fe:B B o6omonmi 3 6oponementuty Fe3(BC). ExcriepiuMenTtanbHo B JaHiil poOOTI MOKa3aHO iCHYBaHHS
KBa3i0iHApHOTO Mepepisy Ta BU3HAUYEHI KOOPAWHATH TOUYKH MEPUTEKTUKH: Ipu BMIcTi 6opy 5,0 % (mac.) Ta kapbony 3,0 % (mac.) Ta
temmeparypi 1515 K. Brepme kBa3ixiMiYHUMH METOJJOM OTPHMAHO BUIBHY €HEprilo Ta MOoOYAOBaHO ITOBEPXHIO TEPMOAWHAMIUHOT
crifikocTi po3miaBy Fe-B-C B 3anmexxHOCTI BijJ TeMmeparypu Ta BMICTy Oopy it kapOoHy B ciuiaBi. OTpuMaHi B poOOTi pe3yiIbTaTH
NOKa3ajM, IO U JOCSTHEHHs onHopimHoro posmiaBy Fe-B-C, mo He MiCTHTh MIKPOHEOZHOPOIHOI CTPYKTYpH Y BHIVIAI
MIKPOAISIHOK 3 OJIMKHIM TOPSIKOM, HCOOXITHO BUKOHATH MEPErPiB: VI AUISHKH, JI¢ TICPBUHHOIO (a30k0 € 3aji30, OUTBII HIXK Ha
180 K, a msst misIstHOK, 110 MIiCTSATh OOPOLIEMEHTHT Ta 6opu, — He MeHI Hix Ha 200 K.

KJKOUYOBI CJIOBA: craBu cuctemu Fe-B-C, 6opun FeoB, 6opouementur Fe3(CB), eBrexTHka, TepMOAWHAMiYHA CTIHKICTh
PpO3ILIaBy.

HOBEPXHOCTDb JIUKBUAYCA U CIIMHOJAJIb CIIVTABOB CUCTEMBI Fe-B-C
H.IO. ®uaonenxo®’, A.H. l'anguna®
IV «/{nenponempogckas eocydapcmeennas meouyurckas axaoemus MO3 Ykpaunory
49044, Yrpauna, 2. [{nenp, yn. Braoumupa Bepnadckoeo, 9
bUncmumym uepnoti memannypeuu um. 3.14. Hexpacosa HAH YVipaunvr (UM HAHY)
49107, Yxpauna, e. qnenp, yn. Ax. Cmapooybosa K.®., 1
“/[nenpoeckuti nayuoHanvrvill yHusepcumem umenu Onecs [onuapa
49010, Yxpauna, 2. [nenp, npocn. I aecapuna, 72
B nmanHOi1 paboTe mccienoBaHus OCYIIECTBIUTH Ha oOpasiax cruiaBoB cucteMsl Fe-B-C ¢ conepskanuem 6opa 0,005-7,0% (mac.) u
yriepoma 0,4-6.67% (mac.), ocrampHoe — keme30. Ilo pesynbraraM MHKPOCTPYKTYPHOTO, PEHTIT€HOCTPYKTYpHOTO H
i depeHIanbHOro TePMUIECKOTr0 aHAJIM30B ONpeeIeHbl MepBUYHbIe (a3bl U TeMIepaTyphl uX oOpa3oBaHus. B 3aBucumocTH ot
conepkanus 6opa u yriepona (6opa B untepsaine 1,5-8,80% (mac.) u yriepoaa 0,5-6,67% (mac.)) B ciaBax cuctembl Fe-B-C mpu
KpUCTAIIM3aLuK NepBUYHbIMU (pazamu sBistotes: y-Fe, 6opouementur Fes(CB) n 6opun Fe:B. Ilo pesynsraTtam skcnepumeHTa,
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IPOBEJCHHOrO B JIaHHOHM paboTe, MccienoBaHbl (Ga3oBblidi cocTaB U (ha30Bble MPEBpPAILIEHHS, KOTOPbIE MPOUCXOAAT B CIUIABaxX, U
MOCTPOCHA MOBEPXHOCTh JIMKBUAYyca. MccnenoBanus, mpoBeAeHHbIE B JaHHOW paboTe, Mokas3aid, 4To cIulaBel cuctemsl Fe-B-C
HMEIOT 0oJiee HU3KYIO TeMIepaTypy JIMKBHUIyca 10 cpaBHEHHIO ¢ 6uHapHbIME ciutaBaMu Fe-B u Fe-C. Ha moBepxnoctu nukBHayca
cmraBoB cucteMel Fe-B-C cymectByer Touka ¢ comepkanmeMm Oopa 2,9% (mac.) m yrumepoma 1,3% (mac.), KoTopas nMeeT
HaMMEHBIIyIo Temmnepatypy 1375 K u sBinsieTcst TOUukoi mepecedeHnss MOHOBApPHAHTHBIX BTEKTHK, YTO KOPPETUPYET C pe3yIbTaTaMu
JIPYTHX aBTOPOB. MUKPOCTPYKTypa CILIABOB, PACIIONIOKEHHBIX Ha JIMHUSIX MOHOBApUAHTHUX 3BTEKTHK, IPEICTaBICHA: SBTCKTUKAMHI
v-Fet+Fe:B, y-Fet+Fe3(CB) m mepBumunblMH Kpuctayuamu OopuuoB xeme3a Fe:B B oGomouke u3 OGopomnementura Fes(BC).
DKCIIEpUMEHTAIBHO B JaHHOW paboTe IOKa3aHO CYIIECTBOBAHHE KBa3HOMHAPHOTO CEYCHUsl M ONpPEAEIeHbI KOOPIMHATHI TOYKH
NIEPUTEKTUKU: TIpU coleprkanuu 6opa 5,0% (mac.) u yriepona 3,0% (mac.) u temneparype 1515 K. BriepBeie ¢ ucnosnb3oBaHneM
KBa3UXHMUUYECKOTO METO/Ia TONTydeHa CBOOOHAS SHEPTHUsl U IOCTPOSHA TIOBEPXHOCTh TEPMOIMHAMUYECKOH yCTOIHYMBOCTH pacriaBa
Fe-B-C B 3aBucuMOCTH OT TeMIIEpaTyphl U cojepkaHusl 6opa U yrieposa B ciuiae. [lomyueHHsle B paboTe pe3yabTaThl MOKa3aly,
YTO UIA JOCTWKEHHUsS OXHOpPOAHOro pacmiaBa Fe-B-C, KOTopelii HE COAEPKHT MHKPOHEOIHOPOTHOH CTPYKTYphl B BHJE
MHKPOYYaCTKOB € OJIIDKHUM ITIOPSIIKOM, HEOOXOANMO BBIIONHHUTE MEPETPEB: IS yJacTKa, IAe MepBUIHON (ha30il ABISETCS XKeleso,
6onee uem Ha 180 K, a rie mepBuuHBIME (ha3aMul SBISTIOTCS. G0poneMeHTUT U 6opu — He MeHee yeM Ha 200 K.

KJIIIOYEBBIE CJIOBA: cmiaBer cuctembl Fe-B-C, Gopun Fe:B, Oopouementur Fes(CB), sBTekTHKa, TepMOIMHAMHYECKAS
YCTOMYMBOCTH pacIliaBa.





